Introduction 1
UICC defines that T4a is moderately advanced local disease prescribed as tumor 1 invades adjacent structures (e.g., through cortical bone, into extrinsic muscle of tongue like 2 genioglossus, hyoglossus, palatoglossus, and styloglossus, and skin of face). And T4b is very 3 advanced local disease prescribed as tumor invades masticator space, pterygoid plates, or 4 skull base, and/or encases internal carotid artery. 5
The T4 criteria described by UICC, JSOT, Ebrahimi et al., and soft tissue classification were 6 evaluated [1] [2] [3] [4] [5] [6] [7] . The T4 criteria required by each classification system are listed in Table 1 . 7
Each classification system is fundamentally based on the UICC TNM classification [1] , with 8 differences mainly regarding the degree of bone invasion. JSOT defined T4 as invasion to the 9 mandibular canal [2-6]; Ebrahimi et al. [7] classified it as T1-T3 according to UICC 10 classification, followed by an upgrade of one T stage in the presence of medullary bone 11 invasion. The soft tissue T4 criteria do not consider the contribution of bone invasion. These 12 T4 criteria were re-classified from the aspect of bone invasion. Two oral surgeons and a 13 radiolodist decided the grade of bone invasion using panoramic X-ray pictures and CT 14 images. 15
2-4. Statistical analysis 16
Statistical analyses were performed using StatMate IV (ATMS Co., Tokyo, Japan). The 17 significance of categorical data was assessed using χ 2 tests or Fisher's exact tests, as 18 appropriate. DSS and LC were calculated using the Kaplan-Meier method, and significance 19 was evaluated using the log-rank test. P < 0.05 was considered significant. 20
Results 1

3-1. Patient characteristics 2
Demographics of the patient cohort are summarized in Table 2 . The male-to-female 3 ratio was 0.88, with 38 male subjects. The mean age at diagnosis was 69.4 years (range, 36-4 92 years). Marginal resection was performed in 40 (49.4%) cases and segmental resection in 5 41 (50.6%). Local recurrence occurred in 18 (22.2%) patients during the follow-up period. 6
Five-year OS was 74.2%, and 5-year DSS was 83.1%. The mean follow-up period was 40.8 7 months for the entire patient series (range, 1-119 months). 8
Sixty-five patients were classified as UICC T4 (80.2%), whereas 29 (35.8%) patients 9 were classified as JSOT T4. According to the criteria described by Ebrahimi et al., 29 (35.8%) 10 patients had T4 cancer, while according to soft tissue classification,17 (21.0%) had T4 cancer. 11
3-2. Correlation between T4 criteria and type of surgical resection 12
When T4 cases were compared with T1-T3 cases, segmental resection was 13 significantly more common in T4 cases (regardless of classification). However, segmental 14 resection was performed in only 60.0% of UICC T4 cases compared with >85% of T4 cases 15 according to the other three classifications (Table 3) . 16
3-3. Correlation between T4 criteria and pathological nodal status 17
In our cases, total 31 patients had pathological nodal metastasis. Lymph node 18 metastasis cases had a significant relationship with OS and DSS (P < 0.05). Considering the 19 relationship between each T classification and lymph node metastasis, the rates of lymph node 20 metastasis of each T4 were from 35.3% to 44.8% ( (Figure 1) . 6
Using UICC classification, DSS was 82.8% in patients with T4 cancer compared with 7 84.0% in patients with T1-T3 cancer. According to JSOT classification, DSS was 82.1% in 8 T4 cases and 83.3% in T1-T3 cases. According the classification system described by 9
Ebrahimi et al., DSS was 80.4% and 84.6% in T4 and T1-T3 cases, respectively. Finally, 10 according to the soft tissue classification system, DSS was 67.6% in patients with T4 cancer 11 compared with 87.2% in those with T1-T3 cancer (Figure 2 ). There was no significant 12 difference between OS and DSS in patients with T4 cancer compared with those with T1-T3 13 cancer using any classification system. However, DSS in soft tissue T4 cases, which did not 14 consider bone invasion, had a trend toward unfavorable prognosis (P = 0.05). 15 LC in UICC cases T4 was 75.8% compared with 72.2% in T1-T3 cases. LC in JSOT 16 T4 cases was 68.7% compared with 78.3% in T1-T3 cases. Using classification described by 17
Ebrahimi et al., LC was 62.8% in T4 cases and 78.3% in T1-T3 cases. Soft tissue T4 cases 18 exhibited a LC of 57.9% compared with that of 79.8% in T1-T3 cases (Figure 3 ). There was 19 no significant difference in LC between T4 and T1-T3 using the UICC and JSOT 20
classifications. In contrast, tumors classified as T4 by classification described by Ebrahimi et 21 al. and soft tissue classification recurred significantly more frequently. Moreover, considering 22 the detail of the soft tissue classification, invasion to the skin of face was not associated with 23 bad prognosis. In fact, when cases in which invasion to the exterior skin was observed weresignificantly worse in T4 (62.6%) cases than in T1-T3 (77.2%) cases (P = 0.02). Therefore, 1 soft tissue T4 tumors that invade to the interior or posterior organs had worse prognosis. 2
3-5. Recurrence and prognosis 3
We compared OS and DSS between cases with and without local recurrence. Data 4 revealed that prognosis was significantly worse in patients who experienced recurrence (P = 5 0.05). Therefore, it can more easily invade to the bone marrow compared with other head and neck 5 cancers. In our patient cohort, >80% of cases were classified as T4 when the UICC criteria 6 were applied. Hence, the UICC classification system is inadequate because of an imbalance in 7 the T distribution. 8
Muvke et al. [11] identified bone invasion by postoperative histopathological analysis 9 in 15.5% of patients in whom bone invasion could not be diagnosed preoperatively. To further explore local recurrence, we evaluated the specific regions of recurrence. 3
The rate of local recurrence was higher in tumors that invaded adjacent soft tissues compared 4 with those without local invasion. Most instances of recurrence were from the soft tissues of 5 organs adjacent to the mandible, particularly interior and posterior organs such as the 6 masticator space. Nomura et al. [16] reported that tumors recurred from the mucosa around 7 the resection margin after both marginal and segmental resection, and they suggested that 8 sufficient resection of soft tissue is important for preventing recurrence. Many other studies 9
reported that invasion of the mandibular bone was not related to outcomes among patients 10 with carcinoma of the mandibular gingiva [11, [23] [24] [25] [26] . In general, superficial extent of 11 carcinoma in soft tissue is broader than that in bone from CT or MRI images. Then, when the 12 surgical margin was decided considering soft tissue, it is more likely to be able to remove the 13 tumor in mandibular bone consequently. Moreover, it is easy to decide surgical margin in 14 bone because of form of mandible. Mucke et al. [11] reported that cancer recurrence was 15 associated with OS, which is consistent with the current study. It is important to control local 16 recurrence from the adjacent soft tissue rather than the bone. invasion. In contrast, soft tissue T4 classification is unrelated to bone invasion. In the present 22 study, UICC-and JSOT T4-related bone invasion had no effect on OS, DSS, and LC. In 23 contrast, the Ebrahimi et al. T4, which diminished the influence of bone invasion, had no 24 effect on OS or DSS but lead to significant decreases in LC. Soft tissue T4, which does notconsider bone invasion, had an almost significant relationship with DSS and lead to 1 significant decreases in LC. Therefore, it is more important to consider the surgical margin in 2 soft tissue than in bone though we must not ignore the factor of bone invasion. 3
The UICC defines T4 as invasion to an adjacent organ. It is possible to adopt the bone 4 invasion criterion to the T4 criteria for other oral cancers such as cancers of the tongue, oral 5 floor, and buccal mucosa. However, carcinoma of the mandibular gingiva differs from other 6 oral cancers because it can easily invade to the bone marrow because of the thin gingiva. 7
Specifically, it is inadequate to regard the mandibular gingiva and the mandibular bone as 8 different organs; although they are histologically different tissues, they are anatomically the 9 same organ. As such, soft tissue classification evaluated in the present study is not a new 10 classification but is based on the UICC classification. Various reports including the current 11 study have demonstrated the importance of considering controlling recurrence in soft tissue. It 12 is unnecessary to develop a new classification; instead, the current, well-defined UICC 13 classification should be expanded; it has distinct advantages and disadvantages. 14 TNM staging directly affects treatment strategy and the prediction of prognosis. T4 is 15 strongly correlated with segmental resection compared with T1-T3. However, when only 16 UICC T4 cases were evaluated in the current study, segmental resection was performed in 17 only 60.0%. UICC T classification is inadequate when deciding treatment strategy. For 18 predicting prognosis, each classification was unrelated to OS and DSS. However, soft tissue 19 classification was almost significantly related to DSS and significantly related to local 20 recurrence. The soft tissue T4 criterion, which is UICC T4 without bone invasion, was the 21 most effective for defining T4. 22
Conclusions 1
The present study suggests that there is no relationship between bone invasion and 2 prognosis, and that T classification should be reconsidered. Because of long-term use of 3 UICC classification, we recommend modifying UICC classification to the soft tissue 4 classification for carcinoma of the mandibular gingiva. However, the current study is a 5 retrospective analysis of a small number of patients. As such, a multi-institutional, prospective 6 study is necessary to determine the appropriate criteria for the TNM staging of carcinoma of 7 the mandibular gingiva. 
